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Protection Branch Report of Test No. 6-66 
A Study of Dry Heat Sterilization of Microorganisms at 105" C 
At the request of Dr. Carl 6 .  Bruch, NASA Headquarters, the results 
of a current study on dry heat sterilization at 105" C (221" F) u dertaken 
by this Laboratory, were combined with previously reported data L7 and 
are presented here. Extensive dry heat studies by Bruch, et a1 2' and 
Koesterer 2' were conducted at temperatures from 80 to 135" C (176-320" F)  
with most of the effort on temperatures between 115 to 135" C. The time- 
temperature relationship for dry heat sterilization of space probes has not 
been firmly established. The low temperature of 105" C may be more advan- 
tageous than higher temperatures for sterilization of space prqbes with 
their heat sensitive components provided that the time required to attain 
sterility is practical. Therefore, the study reported here was undertaken 
to obtain more information on the effectiveness of dry heat at 105" C in 
steril izinq microorganisms. Thermal death times were determined for ( 1 )  
natural microbial contamination from aerial fallout or dried bacterial 
spores on glass surfaces, either embedded or not embedded in plastic; 
(2) bacterial spores in s o i l ,  either embedded or not embedded in plastic; 
and (3) the natural flora of microorganisms of soil. 
MATERIALS AND METHODS 
Contamination of Glass 
Glass slides (1 x 13 inches) were contaminated with Bacillus subtilis 
var niqer spores by placing an aliquot of an aqueous spore suspension upon 
the surface of each slide and allowing it to dry overnight at ambient 
were inoculated with either a low spore concentration (8.9 x 103 per slide) 
or a high one (6.4 x 107 per slide). 
r e ! a t i v e  humidity and temperature. Apprnxim2tely the same number nf slides 
I n  addition, glass slides were naturally contaminated with micro- 
organisms by exposure to aerial fallout for eight to ten weeks. 
Artificial Contaminat,ion of Soil 
Two soils, one of a clay consistency and the other a humus garden 
variety, were used in this study. Both soils were spread in thin layers 
and sterilized in an autoclave at 120" C and 18 pounds pressure for two 
three-hour periods. Each soil was divided into two portions and mixed 
2 
. .  
w i t h  one of two d i f f e r e n t  aqueous concentrat ions o f  B a c i l l u s  s u b t i l i s  var  
n i w r  spores. A Buchner funnel w i t h  a f i l t e r  paper i n s e r t  was used t o  
remove the  excess l i q u i d  from the  mud before d r y i n g  a t  50" C ove rn igh t .  
The d r y  cake was then powdered by g r i n d i n g  w i t h  a mortar and p e s t l e .  
The four  prepared samples c o n s i s t i n g  o f  two types o f  s o i l  w f t h  two l e v e l s  
of spore contamination were s to red  i n  c losed conta iners a t  room temperature 
u n t i l  used. 
P1 as t i c 
About one-half o f  the g lass s l i d e s  t h a t  were contaminated f o r  t h i s  
study were embedded i n  s i l i c o n e  p l a s t i c  RTV-602;'; t o  obtain a cover ing 
t h a t  would s imulate the  p r o t e c t i o n  provided microorganisms entrapped i n  
s o l i d s .  The embedding procedure involved the  f o l l o w i n g  steps: 
1 .  The p l a s t i c  was prepared by m ix ing  15 drops o f  c a t a l y s t  SRC-  
05 i n  each 100 grams o f  RTV-602. 
2 -  Small p l a t e s  (about 2 inches i n  diameter and 9 8  inch deep) 
were f i l l e d  about one - th i rd  f u l l  w i t h  l i q u i d  p l a s t i c .  
3. A f t e r  the p l a s t i c  had set  one day a t  room temperature, t he  
contaminated s i d e  o f  t he  glass was placed downward on the  hardened 
p l a s t i c .  
4. Enough l i q u i d  p l a s t i c  was poured over t h e  glass s l i d e  t o  
cover i t  and t o  f i l l  two- th i rds  o f  the p l a t e .  
To embed the a r t i f i c i a l l y  contaminated s o i l  samples, steps 1 and 2 
o f  t he  above embedding procedure were fo l lowed.  
set  one day a t  room temperatures, a small  amount o f  p l a s t i c  qas removed 
from the  center t o  make a depression f o r  about 0.1 gram o f  s o i l  sample. 
L i q u i d  p l a s t i c  was then poured over the s o i l .  A l l  s o i l  and glass samples 
were placed i n  the 105" C oven immediately a f t e r  embedding i n  the  p l a s t i c ,  
A f t e r  t he  p l a s t i c  had 
Best Procedure 
A c i r c u l a t i n g  d r y  heat oven s e t  a t  105" C was used f o r  a l l  samples 
tes ted .  For exposure t o  d r y  heat, t h ree  o r  f o u r  smal l  p la tes ,  each con- 
t a i n i n g  one contaminated s l i d e  w i t h  o r  w i t h o u t  p l a s t i c ,  were placed i n  a 
l a r g e  covered d ish.  Small p l a t e s  c o n t a i n i n g  a r t i f i c i a l l y  contaminated 
soil  samples i n  p l a s t i c  were a l s o  placed i n  a l a r g e  covered d i sh .  For  
t e s t i n g  the c l a y  and garden s o i l s  w i t h  t h e i r  n a t u r a l  m i c r o b i a l  f l o r a  as 
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. ,  3 
w e l l  as w i t h  E. s u b t i l  i s  spores, 0.1 gram samples i n  g lass cups (one cub ic  
cent imeter  capac i t y )  were placed i n  a covered d i s h  and exposed t o  heat .  
A f t e r  var ious exposure per iods  f rom 4 t o  336 hours, d ishes con ta in ing  the  
g lass o r  s o i l  samples were removed w i t h  s t e r i l e  tongs from the  oven and 
placed i n  a p l a s t i c  chamber. The chamber and i t s  contents  (b ro th  blanks, 
forceps, sca lpe ls ,  mortars and pes t les )  had been p rev ious l y  s t e r i l i z e d  
w i t h  ethy lene ox ide  gas. The heated samples were t r a n s f e r r e d  t o  t r y p t o s e  
b r o t h  blanks i n  t h i s  chamber t o  prevent the p o s s i b i l i t y  o f  i n t roduc ing  
a i rbo rne  contaminat ion d u r i n g  the  t r a n s f e r  procedure. The embedded s l i d e s  
were e a s i l y  separated from the  p l a s t i c  by use o f  sca lpe l  and forceps and 
were placed i n  the  b r o t h  w i thou t  the p l a s t i c .  The p l a s t i c  surrounding 
the embedded s o i l  was cu t  away and the p i l e  o f  s o i l  mixed w i t h  p l a s t i c  
was placed i n  a mortar  and ground as w e l l  as poss ib le  w i t h  a p e s t l e  be- 
f o r e  t r a n s f e r r i n g  t o  a b r o t h  blank. 
The samples, f o l l o w i n g  heat treatment, were assayed i n  two ways. 
To t e s t  f o r  s t e r i l i t y ,  one se t  was c u l t u r e d  i n  b r o t h  a t  37" C f o r  seven 
days, a f t e r  which t h e  b r o t h  was examined f o r  m ic rob ia l  growth. The 
r e s u l t s  f rom t h i s  method a re  reported as the  number o f  contaminated b r o t h  
samples per  t o t a l  number o f  samples tested.  I n  a d d i t i o n  t o  t h e  s t e r i l i t y  
tes t ,  a t  l e a s t  two samples per  exposure pe r iod  were assayed f o r  v i a b l e  
count i n  o rder  t o  determine the i eve i  o f  contaminat ion remaining a f t e r  
exposure t o  heat f o r  var ious  t imes. 
o n l y  f o r  t he  s h o r t e r  exposure per iods when some contaminat ion would be 
expected. Cont ro l  samples, i.e., samples not  exposed t o  heat were a l s o  
assayed f o r  v i a b l e  count. A l l  v i a b l e  count assays were done by p l a c i n g  
each sample i n  a b r o t h  blank, shaking v igo rous l y  f o r  f i v e  minutes, and 
p l a t i n g  a l i q u o t s  i n  t r y p t o s e  agar f o r  incubat ion  a t  37" C f o r  48 hours 
be fo re  colony counts were made t o  determine t h e  t o t a l  number o f  s u r v i v i n g  
microorganisms per  sample. 
These assays were genera l l y  done 
RESULTS AND DISCUSSION 
The r e s u l t s  o f  t he  study on dry  heat s t e r i l i z a t i o n  o f  microorganisms 
a t  105" C i n d i c a t e  t h a t  the  t ime requi red t o  achieve s t e r i l i t y  v a r i e d  
f rom 24 t o  336 hours. 
106 E. s u b t i l i s  var  n i g e r  d r i e d  on g lass;  but  when embedded i n  p l a s t i c ,  
t he  thermal death t ime increased t o  48 hours (Table I). Glass s l i d e s  
contaminated w i t h  a h igh  spore concent ra t ion  requ i red  a longer  t ime f o r  
s t e r i l i z a t i o n  than t h e  s l i d e s  contaminated w i t h  a l o w  spore concent ra t ion .  
However, f o r  t h e  s l i d e s  embedded i n  p l a s t i c ,  t h e  l e v e l  o f  spore contami- 
n a t i o n  d i d  no t  appear t o  have such a marked e f f e c t  on s t e r i l i t y  t imes. 
One contaminated s l i d e  was s t i l l  found i n  the  low spore popy la t i on  as well 
as one i n  t h e  h i g h  a f t e r  32 hours (Table I ) .  
S t e r i l i t y  would be achieved i n  24 hours f o r  about 
4 
For the g lass s l  ides contaminated by a e r i a l  fa-Tlout (not tabulated) ,  
t h e  contaminat ion l e v e l  was o n l y  about 40 microorganisms per  s l  ide;  bu t  
even so a f t e r  a 24 hour heat treatment, contaminat ion was found i n  one 
sample out  o f  14 embedded i n  p l a s t i c .  S l ides  not  embedded i n  p l a s t i c  
were s t e r i l i z e d  w i t h i n  24 hours a t  105" C and the  embedded s l i d e s  were 
s t e r i l i z e d  i n  48 hours. 
S o i l s  a r t i f i c i a l l y  contaminated w i t h  l o 6  o r  less  E. s u b t i l i s  var  
n i q e r  spores appeared t o  be s t e r i l e  a f t e r  48 hours exposure t o  10 " C 
hours were requ i red  t o  achieve apparent s t e r i l i t y .  The c l a y  s o i l  appeared 
t o  o f fe r  more p r o t e c t i o n  t o  B .  s u b t l l i s  var  n i q e r  spores than garden s o i l .  
However, the na tu ra l  f l o r a  07 garden s o i l  was cons iderab ly  more d i f f i c u l t  
t o  s t e r i l i z e  a t  105" C than t h e  c l a y  s o i l  f l o r a  (Table 111). I t  requ i red  
336 hours t o  s t e r i l i z e  the  garden s o i l  f l o r a  i n  comparison t o  120 hours 
f o r  t h e  c lay  s o i l  f l o r a .  
(Table 11). When the spore l e v e l  i n  the  s o i l  was increased t o  10 5 , 96 
The data presented show t h a t  both p l a s t i c  and s o i l  o f f e r  p r o t e c t i o n  
t o  microorganisms exposed t o  d r y  heat. The da ta  i n  Table I V  i n d i c a t e  
t h a t  t h e  s t e r i l i t y  t ime i s  n o t  increased when b a c t e r i a l  spores i n  s o i l  
a r e  embedded i n  p l a s t i c .  The thermal death t ime o f  48 hours may be a 
low est imate due t o  t h e  d i f f i c u l t y  i n  separa t ing  the  s o i l  f rom t h e  p l a s t i c .  
The thermal death t imes presented i n  t h i s  repo r t  subs tan t i a te  t h e  
work o f  o thers 2 , l I i n  which they found lower death t imes f o r  spores d r i e d  
on c a r r i e r s  than f o r  spores entrapped i n  so l ids ,  and a s h o r t e r  death t ime 
f o r  1. s u b t i l i s  va r  n i q e r  spores than f o r  some n a t u r a l  s o i l  microorganisms. 
I t  i s  ev ident  t h a t  t h e  T90 (or  D )  values ( t imes t o  k i l l  90% o f  the  
organisms) f o r  the  var ious systems a t  105" C vary  cons iderab ly  depending 
t o  the  system tested.  For  example, the  Tgo va lue  f o r  E. s u b t i l i s  spores 
on non embedded g lass was about 4.5 hours w h i l e  a t  t h e  o the r  extreme t h e  
T90 f o r  n a t u r a l  m ic rob ia l  f l o r a  i n  garden s o i l  was about 56 hours. Be- 
cause the re  i s  such a grea t  v a r i a b i l i t y  due t o  d i f f e r e n c e s  i n  menstruum 
and organisms one system must be se lected f o r  spacecra f t  s t e r i l i z a t i o n  
use. Q n l y  then can meaningful Tgo values f o r  s p e c i f i c  temperatures be 
determined which i n  t u r n  w i l l  enable one t o  es t imate  t h e  t ime requ i red  
t o  s t e r i l i z e  a spacecraf t .  The e a r l y  s e l e c t i o n  o f  such a system i s  a l s o  
necessary fo r  use i n  a l l  p r e l i m i n a r y  procedure eva lua t ions .  
I t  does n o t  seem reasonable however, t h a t  t h e  most severe case of 
s t e r i l i z i n g  n a t u r a l l y  contaminated s o i l  should be se lec ted  f o r  t h e  
standard system s ince p i l e s  o f  s o i l  w i l l  n o t  be present  on a spacecraf t .  
Furthermore, s o i l s  d i f f e r  t o o  w ide ly  i n  m i c r o b i a l  types, numbers, and 
res i s tance  t o  be used f o r  a standard rep roduc ib le  procedure.  Because 
of t h i s  f a c t  a c o n t r o l l a b l e  a r t i f i c i a l  con taminat ion  i s  requ i red .  
The type o f  menstruum f o r  ho ld ing  the  organisms should be se lec ted  
on t h e  bas is  o f  un i ve rsa l  a v a i l a b i l i t y ,  ease o f  hand l i ng  and ease o f  
removing t h e  organisms f o r  assay a f t e r  t reatment.  Glass s l i d e s  appear 
t o  be a good cqndidate surface f o r  t h i s  purpose s ince  they can even be 
f i n e l y  ground i f  necessary f o r  assay. I t  i s  suggested, however, t h a t  
t h e  contaminated g lass o r  o ther  surface, be coated w i t h  some m a t e r i a l  
such as p l a s t i c  t o  make the  t e s t  more s t r i n g e n t  as would be encountered 
w i t h  organisms embedded i n  s o l i d s .  
i n  p l a s t i c  descr ibed i n  t h i s  study w h i l e  y i e l d i n g  f a i r l y  q u a n t i t a t i v e  
r e s u l t s  i s  probably too  t ime consuming and labo r ious  f o r  a standard 
procedure. For t h i s  reason a study has been i n i t i a t e d  i n  t h i s  Laboratory 
t o  develop a s i m p l i f i e d  standard procedure. 
The procedure o f  embedding the glass 
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Table 111. 
E f fec t i veness  o f  Dry Heat a t  105°C Against  the 
M i c r o b i a l  F l o r a  of Clay and Garden S o i l s  
Exposure Clay S o i l  Garden S o i l  
t o  105°C S t e r i  1 i t y  Test Average Orqanisms S t e r i  1 i t y  Test Average Organism 9 
(Hours) No.Cont/Total RemainindSample No.Cont/Total Remainiqq/Sarnple 
0 
24 
48 
72 
96 
120 
144 
168 
2 40 
336 
12/12 
3/23 
1/14 
O/ 6 
O/ 6 
700,000 
61 0 
- 
1 
0 
0 
0 
- 
12/12 
- 
27/29 
15/15 
8/8 
15/16 
91 9 
1 /6  
O/ 8 
220,000 
51 0 
- 
22  
8 
6 
6 
3 
0 
0 
- = Not assayed. 
. 
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Table I V .  
Effect iveness of Dry Heat a t  105°C Against 1. s u b t i l i s  
n iqer  Spores i n  Clay Soil  Embedded i n  P l a s t i c  
Exposure 
t o  105°C S t e r i l i t y  Test Average Organ i sm s 
(Hours) No.Cont./Total Rernaininq/Sarnple 
0 - 430,000 
24 718 5 
48 
72 
0/8 
0 / 8  
- =  Not assayed. 
